# ===================== SUPPLEMENTARY CODE (COLAB + GOOGLE DRIVE) =====================
# Purpose:
#   Fully automated inference pipeline for disc-level labeling and AP thecal sac diameter measurement
#   from mid-sagittal lumbar spine MRI DICOM images.
#
# Key steps:
#   1) Load DICOM -> robust intensity normalization -> 8-bit
#   2) YOLOv8-OBB detection (letterbox to TRAIN_SIZE, then map OBB corners back)
#   3) Oriented (perspective) warp crop using OBB -> Attention U-Net segmentation (thecal sac)
#   4) Warp segmentation back to original image -> build full thecal sac mask
#   5) Disc-level labeling bottom-to-top (L5–S1 to T12–L1)
#   6) AP diameter estimation using skeletonized intersection along an oriented line
#   7) Save annotated JPEG outputs to Drive
#
# Notes:
#   - Pixel spacing is read from DICOM (PixelSpacing), and mm conversion is applied.
#   - The “AP line” is intended to run from anterior CSF margin to posterior CSF margin (front-white to back-white),
#     represented by an oriented line intersected with the predicted thecal sac mask.

from google.colab import auth, drive
auth.authenticate_user()
drive.mount('/content/drive', force_remount=True)

!pip -q install ultralytics pydicom scikit-image opencv-python-headless tensorflow

import os
import cv2
import numpy as np
import pydicom
from skimage.morphology import skeletonize
from ultralytics import YOLO
from keras.models import load_model
from keras import backend as K


# --------------------------- USER CONFIG ---------------------------
BASE = "/content/drive/MyDrive/spine_pipeline"
INPUT_FOLDER  = os.path.join(BASE, "inputforpipeline")
OUTPUT_FOLDER = os.path.join(BASE, "pipeline_output")
OBB_MODEL_PATH = os.path.join(BASE, "yolo obb.pt")
UNET_MODEL_PATH = os.path.join(BASE, "attention unet.keras")

os.makedirs(OUTPUT_FOLDER, exist_ok=True)

# U-Net input size
UNET_IMG_SIZE = (256, 256)

# YOLO inference size MUST match your training size
TRAIN_SIZE = 384  # change if you trained with 640, etc.

# Disc labels assigned bottom-to-top
DISC_LEVELS_BOTTOM_TO_TOP = ["L5-S1", "L4-L5", "L3-L4", "L2-L3", "L1-L2", "T12-L1"]

# YOLO inference thresholds
YOLO_CONF = 0.30
YOLO_IOU  = 0.30

# Text settings
FONT = cv2.FONT_HERSHEY_SIMPLEX
FONT_SCALE = 0.42
FONT_THICK = 1
TEXT_COLOR = (0, 0, 255)   # red
SKELETON_COLOR = (255, 0, 255)  # magenta (BGR)
# ------------------------------------------------------------------


# --------------------------- METRICS (MODEL LOAD) ---------------------------
def dice_coefficient(y_true, y_pred, smooth=1):
    y_true_f = K.flatten(y_true)
    y_pred_f = K.flatten(y_pred)
    inter = K.sum(y_true_f * y_pred_f)
    return (2. * inter + smooth) / (K.sum(y_true_f) + K.sum(y_pred_f) + smooth)

def iou_score(y_true, y_pred, smooth=1):
    y_true_f = K.flatten(y_true)
    y_pred_f = K.flatten(y_pred)
    inter = K.sum(y_true_f * y_pred_f)
    union = K.sum(y_true_f) + K.sum(y_pred_f) - inter
    return (inter + smooth) / (union + smooth)
# ---------------------------------------------------------------------------


# --------------------------- HELPERS ---------------------------
def order_points(pts):
    """Order 4 points as: top-left, top-right, bottom-right, bottom-left."""
    rect = np.zeros((4, 2), dtype=np.float32)
    s = pts.sum(axis=1)
    rect[0] = pts[np.argmin(s)]
    rect[2] = pts[np.argmax(s)]
    d = np.diff(pts, axis=1)
    rect[1] = pts[np.argmin(d)]
    rect[3] = pts[np.argmax(d)]
    return rect

def dicom_to_uint8(ds):
    """Robust DICOM -> uint8 with rescale + percentile windowing."""
    arr = ds.pixel_array.astype(np.float32)

    slope = float(getattr(ds, "RescaleSlope", 1.0))
    intercept = float(getattr(ds, "RescaleIntercept", 0.0))
    arr = arr * slope + intercept

    p1, p99 = np.percentile(arr, (1, 99))
    arr = np.clip(arr, p1, p99)
    arr = (arr - p1) / (p99 - p1 + 1e-6) * 255.0
    return arr.astype(np.uint8)

def get_pixel_spacing_mm(ds):
    """Return mean pixel spacing in mm (safe fallback = 1.0)."""
    if hasattr(ds, "PixelSpacing"):
        ps = ds.PixelSpacing
        return 0.5 * (float(ps[0]) + float(ps[1]))
    return 1.0

def letterbox_to_square(img_bgr, new_size):
    """
    Letterbox image to square while keeping aspect ratio.
    Returns: square_image, scale, pad_left, pad_top
    """
    h, w = img_bgr.shape[:2]
    scale = min(new_size / w, new_size / h)
    nw, nh = int(w * scale), int(h * scale)
    img_rs = cv2.resize(img_bgr, (nw, nh), interpolation=cv2.INTER_AREA)

    canvas = np.zeros((new_size, new_size, 3), dtype=np.uint8)
    pad_left = (new_size - nw) // 2
    pad_top  = (new_size - nh) // 2
    canvas[pad_top:pad_top+nh, pad_left:pad_left+nw] = img_rs
    return canvas, scale, pad_left, pad_top

def unletterbox_corners(corners_sq, scale, pad_left, pad_top):
    """Map corners from letterboxed-square coords back to original image coords."""
    c = corners_sq.copy().astype(np.float32)
    c[:, 0] = (c[:, 0] - pad_left) / (scale + 1e-9)
    c[:, 1] = (c[:, 1] - pad_top)  / (scale + 1e-9)
    return c
# ------------------------------------------------------------------


# --------------------------- LOAD MODELS ---------------------------
for p in [INPUT_FOLDER, OBB_MODEL_PATH, UNET_MODEL_PATH]:
    if not os.path.exists(p):
        raise FileNotFoundError(f"Missing required path: {p}")

print("✅ DICOM count:", len([f for f in os.listdir(INPUT_FOLDER) if f.lower().endswith(".dcm")]))

print("\n🔵 Loading YOLO OBB model...")
obb_model = YOLO(OBB_MODEL_PATH)

print("🟢 Loading Attention U-Net model...")
unet_model = load_model(
    UNET_MODEL_PATH,
    custom_objects={"dice_coefficient": dice_coefficient, "iou_score": iou_score}
)
# ------------------------------------------------------------------


# --------------------------- MAIN LOOP ---------------------------
processed, skipped = 0, 0
print("\n🚀 Running pipeline...\n")

for file_name in os.listdir(INPUT_FOLDER):
    if not file_name.lower().endswith(".dcm"):
        continue

    dicom_path = os.path.join(INPUT_FOLDER, file_name)

    # --- Read DICOM ---
    try:
        ds = pydicom.dcmread(dicom_path)
        pixel_spacing = get_pixel_spacing_mm(ds)
        img_8bit = dicom_to_uint8(ds)
    except Exception as e:
        print(f"❌ Read error: {file_name} | {e}")
        skipped += 1
        continue

    img = cv2.cvtColor(img_8bit, cv2.COLOR_GRAY2BGR)
    original = img.copy()

    # Full thecal sac mask accumulated across detected levels
    full_mask = np.zeros(img.shape[:2], dtype=np.uint8)

    # --- YOLO on letterboxed square ---
    img_sq, scale, pad_left, pad_top = letterbox_to_square(img, TRAIN_SIZE)

    results = obb_model.predict(
        source=img_sq, imgsz=TRAIN_SIZE, conf=YOLO_CONF, iou=YOLO_IOU, verbose=False
    )
    boxes = results[0].obb

    if boxes is None or len(boxes) == 0:
        print(f"⚠️ No OBB detected: {file_name}")
        skipped += 1
        continue

    # --- Sort detections bottom-to-top using mapped original coords ---
    sorted_items = []
    for i, box in enumerate(boxes):
        corners_sq = box.xyxyxyxy.cpu().numpy().reshape(-1, 2).astype(np.float32)
        corners_f = unletterbox_corners(corners_sq, scale, pad_left, pad_top)

        # Clamp to image bounds
        corners_f[:, 0] = np.clip(corners_f[:, 0], 0, img.shape[1] - 1)
        corners_f[:, 1] = np.clip(corners_f[:, 1], 0, img.shape[0] - 1)

        y_center = corners_f[:, 1].mean()
        sorted_items.append((y_center, i, box, corners_f))

    sorted_items.sort(key=lambda x: x[0], reverse=True)  # bottom-to-top

    # Rank -> label
    rank_to_label = {}
    for rank, (_yc, _i, _box, _c) in enumerate(sorted_items):
        rank_to_label[rank] = (
            DISC_LEVELS_BOTTOM_TO_TOP[rank]
            if rank < len(DISC_LEVELS_BOTTOM_TO_TOP)
            else f"Level_{rank+1}"
        )

    # --- OBB warp crop -> U-Net -> warp back ---
    for rank, (yc, i, box, corners_f) in enumerate(sorted_items):
        try:
            rect = order_points(corners_f)
            (tl, tr, br, bl) = rect

            maxW = int(max(np.linalg.norm(br - bl), np.linalg.norm(tr - tl)))
            maxH = int(max(np.linalg.norm(tr - br), np.linalg.norm(tl - bl)))
            if maxW < 2 or maxH < 2:
                continue

            dst = np.array([[0, 0],
                            [maxW - 1, 0],
                            [maxW - 1, maxH - 1],
                            [0, maxH - 1]], dtype=np.float32)

            M = cv2.getPerspectiveTransform(rect, dst)
            roi = cv2.warpPerspective(img, M, (maxW, maxH))

            # U-Net inference
            resized_roi = cv2.resize(roi, UNET_IMG_SIZE)
            input_unet = np.expand_dims(resized_roi.astype(np.float32) / 255.0, axis=0)

            pred = unet_model.predict(input_unet, verbose=0)[0]
            mask = (pred > 0.5).astype(np.uint8)  # binary mask

            # Resize mask back to ROI size
            mask_roi = cv2.resize(mask.squeeze(), (maxW, maxH), interpolation=cv2.INTER_NEAREST)

            # Simple cleanup: opening + largest CC
            kernel = np.ones((3, 3), np.uint8)
            mask_clean = cv2.morphologyEx(mask_roi, cv2.MORPH_OPEN, kernel)

            nlab, lab, stats, _ = cv2.connectedComponentsWithStats(mask_clean, connectivity=8)
            if nlab > 1:
                largest = 1 + np.argmax(stats[1:, cv2.CC_STAT_AREA])
                mask_clean = (lab == largest).astype(np.uint8)

            # Warp mask back to original image space
            Minv = np.linalg.inv(M)
            mask_back = cv2.warpPerspective(
                (mask_clean * 255).astype(np.uint8),
                Minv,
                (img.shape[1], img.shape[0])
            )

            full_mask = np.maximum(full_mask, (mask_back > 0).astype(np.uint8))

        except Exception as e:
            print(f"❌ Warp/seg error: {file_name} | box {i} | {e}")

    # --- Measurement + annotation (single line per level: "L1-L2=4.00mm") ---
    for rank, (yc, i, box, corners_f) in enumerate(sorted_items):
        disc_label = rank_to_label[rank]
        try:
            corners_int = corners_f.astype(np.int32)
            pt1, pt2, pt3, pt4 = corners_int

            edge1 = np.linalg.norm(pt1 - pt2)
            edge2 = np.linalg.norm(pt2 - pt3)

            # Choose an oriented midline based on box geometry
            if edge1 >= edge2:
                mid_left  = ((pt1[0] + pt4[0]) // 2, (pt1[1] + pt4[1]) // 2)
                mid_right = ((pt2[0] + pt3[0]) // 2, (pt2[1] + pt3[1]) // 2)
            else:
                mid_left  = ((pt1[0] + pt2[0]) // 2, (pt1[1] + pt2[1]) // 2)
                mid_right = ((pt3[0] + pt4[0]) // 2, (pt3[1] + pt4[1]) // 2)

            # Intersect the oriented line with the full thecal sac mask
            line_mask = np.zeros_like(full_mask, dtype=np.uint8)
            cv2.line(line_mask, mid_left, mid_right, 255, thickness=2)
            valid_line = cv2.bitwise_and(line_mask, (full_mask * 255).astype(np.uint8))

            # Skeletonize to get a 1-pixel-wide
